Coenzyme Q (ubiquinone, CoQ) has a 2,3-dimethoxy-5-methyl-6-multiprenyl-1,4-benzoquinone structure, and has been reported to play an important role in the electron transport system in the mitochondria. Many kinds of coenzyme Q analogs that act as antagonists have been synthesized.1-10) They inhibit succinoxidase and reduced nicotinamide adenine dinucleotide (NADH)-oxidase in vitro and show antitumor activity in vivo.4,5) Alkylor arylthio derivatives of 2,3-dimethoxy-1,4-benzoquinone,6,7) 5-methyl-2,3-dimethoxy-1,4-benzoquinone,6,8) 2-hydroxy-1,4-naphthoquinone,9) and 6-hydroxy-quinolinequinone10) were obtained by the reaction of quinones with thiols in ethanol. Studies of the biological activities of these analogs have indicated that an alkylthio side chain with a long carbon chain and an arylthio side chain are the effective substituents of CoQ antagonists. This paper describes the synthesis and biological activities of new 2,3-dimethyl-1,4-benzoquinones having an alkylthio or arylthio side chain at the 5-position and two alkylthio side chains at the 5-and 6-positions. reactions gave overall yields of 34-48% based on the amount of I. 5,6-Di-n-octylthio-2,3-dimethyl-1,4-benzoquinone (V) was also obtained from the reaction of I and n-octanethiol under similar conditions.
Inhibition of Succinoxidase and NADH-Oxidase Systems
The newly synthesized quinones were evaluated in mitochondrial succinoxidase and NADH-oxidase systems for inhibition of coenzyme Q10 (CoQ10). 7-n-Dodecylthio-6-hydroxy-5,8-quinolinequinone was used as a standard inhibitor. To compare the inhibitory activities of the quinones, the inhibitory activities are expressed as antimetabolite CoQ10 indices3) for approximately 50% inhibition of enzyme activity. This index is calculated on the basis of nmol of the inhibitor per nmol of CoQ10. The results are summarized in Table I . It can be seen that these quinones caused a slightly greater inhibition of the NADH-oxidase system than of the succinoxidase system. A dependence of the inhibitory effects for both enzyme systems on the length of the alkylthio side chain was observed, and the 5-n-octylthio group was slightly more effective in both enzyme systems than n-dodecylthio and n-octadecylthio groups. Moreover, 
Experimental
Melting points were determined on a Yanagimoto micro melting point apparatus, and are uncorrected. Infrared (IR) spectra were taken in KBr with a Hitachi 260-30 spectrophotometer. Nuclear magnetic resonance (NMR) spectra were measured with a Hitachi R-22 NMR spectrometer in CDCl3 with tetramethylsilane (TMS) as an internal standard. Chemical shifts are given as 6 values (ppm): s, singlet; t, triplet; br, broad; m, multiplet. Mass spectra (MS) were measured with a Hitachi M-60 mass spectrometer. Beef heart mitochondria were isolated by the usual procedures.13) The final mitochondrial pellet, which was a mixture of heavy and light particles,, was suspended in 0.25 M sucrose and was used immediately or kept frozen until used. Phospholipid micelles were prepared by sonication of commercial soybean -phospholipids (Asolectin)14) and used instead of mitochondrial phospholipids. Protein was determined by the Lowry method.15) The amount of CoQ10 in the mitochondrial preparation was determined by the modified Craven's assay16) after extraction with pentane.17) The mitochondria contained 2.61 nmol of CoQ10/mg of mitochondrial protein.
Synthesis of 5-Alkylthio-2,3-dimethyl-1,4-benzoquinones (II, III) A solution of n-octadecanethiol (590 mg) in n-hexane (20 ml) was added dropwise to a solution of I (277 mg) in EtOH (20 ml) at room temperature under stirring. After being stirred for 3 h, the reaction mixture was evaporated to dryness under reduced pressure. The residue was purified by column chromatography on silica gel with n-hexane-benzene (1 : 1) as the eluent. The first eluate afforded di-n-octadecyldisulfide (424 mg). The second eluate was concentrated under reduced pressure and diluted with MeOH (10 ml). A solution of Fremy's salt (2.4 g), 1 N sodium acetate (1.4 ml) and H2O (40 ml) was added to the MeOH solution. After being stirred for 20 min, the reaction mixture was extracted with Et20. The extract was concentrated to a volume of 20 ml and Ag20 was added in order to oxidize the residual hydroquinone. The insoluble material was removed by filtration. The filtrate and the third eluate were combined and evaporated to dryness under reduced pressure. The residue was recrystallized from n-hexane to afford 5-n-octadecylthio-2,3-dimethyl-1,4-benzoquinone (II). Yield 424 mg (36.2%). NMR (CDC13) 6: 0.87 (3H, s, CH2-CH3), 1.0-1.8 (32H, br, (CH2)16), 2.02 (6H, s, CH3 on the ring), 2.73 (2H, t, SCH2), 6 .32 (1H, s, H on the ring). Compound I (367 mg) and n-dodecanethiol (544 mg) were reacted in a manner similar to that described for the synthesis of II to afford 5-n-dodecylthio-2,3-dimethyl-1,4-benzoquinone (III). However, the oxidation procedure with Ag2O was unnecessary in this case. Yield 422 mg (46.4%). NMR (CDCl3) 6: 0.87 (3H, s, CH2-CH3), 1.0-1.8 (20H, br, (CH2)10), 2.02 (6H, s, CH3 on the ring), 2.73 (2H, t, SCH2), 6.32 (1H, s, H on the ring). The physicochemical data are summarized in Table II. Synthesis of 5,6-Dialkylthio-2,3-dimethyl-1,4-benzoquinone (V) A solution of n-octanethiol (350 mg) in iihexane (10 ml) was added dropwise to a solution of I (280 mg) in EtOH (20 ml) at room temperature under stirring. The reaction mixture was treated in the usual manner and the residue was purified by column chromatography on silica gel with n-hexane-benzene (1 : 1) as the eluent. The eluates were separated into three fractions; fraction 1 (colorless), fraction 2 (brown color), fraction 3 (brown color). Fraction 1 was concentrated to dryness to give di-noctyldisulfide. Fraction 2 was concentrated under reduced pressure and the residue was purified by column chromatography on alumina with n-hexane-benzene (3 : 2) as the eluent. The eluate was concentrated under reduced pressure and the residue was recrystallized from 80% EtOH to afford V. Yield 539 mg (6.2%). NMR (CDCl3) 6: 0.87 (6H, s, CH3), 1.0-1.8 (24H, br, (CH2)6), 2.01 (6H, s, CH3), 2.73 (2H, t, SCH2), 6.34 (1H, s, H on the ring). Fraction 3 was concentrated under reduced pressure and the residue was recrystallized from petroleum ether to afford 5-noctylthio-2,3-dimethyl-1,4-benzoquinone (IV). Yield 200 mg (34.7%). NMR (CDCl3) 6: 0.87 (3H, s, CH2-CH3), 1.0-1.8 (12H, br, (CH2)6), 2.01 (6H, s, CH3 on the ring), 2.73 (2H, t, SCH2), 6.34 (1H, s, H on the ring). The physicochemical data are summarized in Table II 
